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Introduction {#sec005}
============

Baron-Cohen \[[@pone.0128102.ref001]\] defined two mental domains: empathizing and systemizing. According to Baron-Cohen, empathy is "our most powerful way of understanding and predicting the social world" (\[[@pone.0128102.ref001]\] p. 248). In contrast, systemizing is defined as an inductive process governed by laws, patterns, and logic. It is integral for the understanding of systems and non-human elements of the universe \[[@pone.0128102.ref001]\].

Baron-Cohen \[[@pone.0128102.ref001]\] was the first to link differences at a group level between males and females on the dimensions of empathizing and systemizing to autism spectrum disorder (ASD). This 'extreme male brain' (EMB) theory argues that the cognitive characteristics of ASD are an extreme of the typical male cognitive style--they have an 'extreme' drive for systemizing over empathizing. The EMB hypothesis drew on a broad range of experimental findings, as well as observations by Asperger \[[@pone.0128102.ref002]\], of a link between what he called 'male intelligence' and ASD. The argument for an association between EMB and ASD has been strengthened by findings that people with ASD show a stronger drive for systemizing, as measured by the Systemizing Quotient (SQ) \[[@pone.0128102.ref003]\], and a reduced drive for empathizing, measured by the Empathy Quotient (EQ) \[[@pone.0128102.ref004]\], relative to controls. These results have been recently replicated in large samples \[[@pone.0128102.ref005]\]. The biological underpinnings of the EMB hypothesis are not yet clear but are being actively investigated \[[@pone.0128102.ref006]--[@pone.0128102.ref009]\].

Baron-Cohen \[[@pone.0128102.ref001]\] also describes the 'extreme female brain' (EFB), a proposed opposite profile to the EMB. The EFB is described as a cognitive style that is challenged in understanding systems, for example due to having low mathematical or scientific ability and interest, whilst having an above average drive to empathize. Baron-Cohen \[[@pone.0128102.ref001]\] proposes that such individuals would function well in societies that value the importance of social interaction and that they may not appear disabled, unlike those with the EMB.

A number of authors have previously linked mentalizing deficits in women to borderline personality disorder \[[@pone.0128102.ref010]\] and depression \[[@pone.0128102.ref011]\], presenting early hypotheses regarding the psychiatric presentation of the EFB. However, Crespi and Badcock \[[@pone.0128102.ref012]\] were the first to depict ASD and psychotic-spectrum disorders as diametrical opposites utilizing the continuum of mentalizing, as well as a range of other evidence including genetics. We will term this "the diametrical ASD-P model". The spectrum itself is based on the concept of a "social brain" \[[@pone.0128102.ref013]--[@pone.0128102.ref014]\], which, Crespi and Badcock \[[@pone.0128102.ref012]\] argue, is hyperactive in psychosis and hypoactive in ASD. This roughly maps onto the ideas of systemizing and empathizing as detailed above.

In line with the diametrical ASD-P model, Brosnan et al. \[[@pone.0128102.ref015]\] tested if psychotic illness more broadly might represent the EFB, in the same way ASD represents the EMB. This would provide directly measured behavioral-cognitive evidence supporting the model. Crespi and Badcock \[[@pone.0128102.ref012]\] proposed that if the EMB leads to autism, because of 'mentalizing' deficits, the EFB may lead to psychotic illness and paranoia, because of excess and inaccurate mentalizing. Negative symptoms and mentalizing ability are negatively correlated, while positive symptoms of psychotic illness are positively associated with mentalizing ability \[[@pone.0128102.ref016]\]. The preliminary results reported by Brosnan et al. \[[@pone.0128102.ref015]\] supported the prediction of an association between certain psychotic traits and a drive for empathizing. However, it was manic features, beyond those generally associated with psychosis or related specifically to schizophrenia, which showed the most significant association in a sample of neurotypical women.

A potential challenge to a diametric model of ASD and psychotic illness would be individuals who have *both* conditions. The presence of people with both conditions is inexplicable within the original diametrical ASD-P model and is one of its key weaknesses. Crespi et al. \[[@pone.0128102.ref017]\] addressed the complicated genetic relationship between these conditions by proposing multiple ways in which the relationship could be understood. These explanations could equally be extended to the behavioural qualities of ASD and psychosis. Crespi et al. \[[@pone.0128102.ref017]\] suggest that in some individuals there may be a dichotomous relationship between ASD and schizophrenia, driven by mirrored genetic abnormalities, whilst in other individuals there may be a more complex and subtle relationship.

This challenge to a "pure" dichotomous relationship between ASD and psychosis is not dealt with at a theoretical level by Crespi et al. \[[@pone.0128102.ref017]\]. Instead, the authors return to the position of the diametrical ASD-P model that any case of apparent co-morbid psychosis and ASD is likely to be a misdiagnosis, rather than a true co-occurrence of two distinct conditions. As an explanation of genetic complexity, this argument perhaps holds appeal. However, there are multiple reports from reputable research groups and clinicians showing that cases of co-morbidity do occur, if possibly rarely (see \[[@pone.0128102.ref018]\] and \[[@pone.0128102.ref019]\], for a review\]. In the context of mixed genetic and clinical evidence, a more parsimonious explanation is that in at least some cases, ASD and psychosis share causal factors and are thus related in a fundamental biological sense. In turn, this suggested there may be shared behavioral features between the conditions, rather than placing them as opposites on a spectrum.

A second difficulty with the diametrical ASD-P model and its application to the evidence from Brosnan et al. \[[@pone.0128102.ref015]\] is that some psychiatric conditions (e.g. mania, positive symptoms of psychosis) are *temporary* alterations to a person's mental state, whereas autistic traits are present throughout life. A more plausible anchor point with obvious similarity to ASD might be the life-long correlate of the temporary state of psychosis: schizotypy, and at the extreme, schizotypal personality disorder (SPD). Similarly to autistic traits, schizotypy can be measured continuously. Schizotypal traits share a well-supported relationship with non-affective psychoses (e.g., \[[@pone.0128102.ref020]\]), and a partially supported relationship with bipolar disorder \[[@pone.0128102.ref021]\]. People with SPD show mentalizing deficits similar to those seen in people with schizophrenia \[[@pone.0128102.ref022]\]. It is unclear why, therefore, the diametrical ASD-P model compares a stable, lifelong condition that develops early in life (ASD) with what could be considered an extreme and acute manifestation of schizotypy (psychosis).

The diametrical ASD-P model has been tested using schizotypal traits, and the evidence is equivocal. One study showed strong support for a continuum between positive schizotypal traits and ASD traits \[[@pone.0128102.ref023]\] while another, using different measures, showed no support at all \[[@pone.0128102.ref024]\]. Both studies utilized large but opportunistic undergraduate samples, which again highlights that no direct measures of systemizing or empathizing drive in people with psychosis have been published to date. Both studies used reliable and valid measures of schizotypy and autistic traits, so the reason for the differences remains unclear beyond that the measures may be measuring slightly different constructs.

While the diametrical ASD-P model has undergone some revision, and has been criticised as overly simplistic \[[@pone.0128102.ref025]\], the idea of a spectrum of individual differences linked to sex can be empirically tested. Is it the case that ASD and psychotic illness (or mania) are extreme examples of male and female cognitive processing biases? With the empirical support for the diametrical ASD-P model being relatively weak, or at the least contradictory, this is clearly an area where more research is needed.

In order to address some of the issues with the EFB highlighted above, we investigated empathizing and systemizing in individuals with a dual diagnosis of ASD and psychotic illness, some of whom also had experienced symptoms of mania or hypomania. In line with Brosnan et al. \[[@pone.0128102.ref015]\], we chose to focus on psychotic illness more generally rather than schizophrenia specifically. We tested the hypothesis that those with ASD and co-morbid psychosis, particularly those with manic or hypomanic symptoms, would have a higher drive for empathizing over systemizing, compared to individuals with ASD but without psychotic illness. If proved, it would provide support for the hypothesis of a continuum between the EMB and the EFB, expressed by ASD and psychotic illness as diametric opposites. If the hypothesis were not supported, it would cast doubt on Crespi and Badcock's \[[@pone.0128102.ref012]\] diametric model. It would also call into question the idea that the sub-clinical manifestations of psychosis or mania used by Brosnan et al. \[[@pone.0128102.ref015]\] lie on a continuum with what is seen in individuals who have experienced clinically relevant symptoms.

Method {#sec006}
======

Ethical approval for the study was given by the Cambridgeshire 3 Research Ethics Committee. All participants were 16 years of age or older (the legal age of consent to participate in research in the United Kingdom) at the time of their involvement and gave informed written consent before participating. Individuals with a clinically confirmed or suspected ASD (DSM-IV/ICD-10 autistic disorder/childhood autism, Asperger's disorder/syndrome, and pervasive developmental disorder not otherwise specified were all considered as part of the ASD continuum) and a history of psychotic illness of any type were recruited from clinical services across the UK.

All cases of clinically suspected ASD were confirmed by testing using either the Autism Diagnostic Observation Schedule (ADOS) \[[@pone.0128102.ref026]\], Module 4, or Autism Diagnostic Interview--Revised (ADI-R) \[[@pone.0128102.ref027]\], with individuals only included if they met all threshold requirements on all scales. Psychotic illness was confirmed using the Diagnostic Interview for Psychosis (DIP) \[[@pone.0128102.ref028]\], which generates diagnoses using the Operational Criteria Checklist (OPCRIT) algorithms \[[@pone.0128102.ref029]\], or the Psychiatric Assessment Schedule for Adults with Developmental Disabilities (Mini PAS-ADD) \[[@pone.0128102.ref030]\]. Features of disorder from the Mini PAS-ADD can also be inputted into the OPCRIT algorithms to generate standardized diagnoses. For all participants, a diagnosis of a disorder mapping to Diagnostic and Statistical Manual of Mental Disorders-IV-TR (DSM-IV-TR) \[[@pone.0128102.ref031]\] codes 295.xx, 296.x4, 296.4, 296.89, 297.xx, 298.8, and/or 298.9 was present, as defined by at least one of three main diagnostic systems- DSM-IV-TR \[[@pone.0128102.ref031]\], International Classification of Diseases-10 (ICD-10) \[[@pone.0128102.ref032]\], and/or the Research Diagnostic Criteria (RDC) \[[@pone.0128102.ref033]\].

Multiple diagnostic systems were used due to the potential for disagreement between them and the possibility that psychotic illness in people with ASD may present differently, making diagnosis using traditional algorithms difficult. This allowed for a more inclusive approach that did not exclude individuals with clinically relevant symptoms on the basis of any one diagnostic system. All participants had received clinical treatment for psychotic illness at some point and the majority (\>90%) were referred by clinical services. The form of the psychosis varied considerably across participants and was not characterised by any particular specific disorder. For example, while some individuals reported paranoid thoughts, this was not a majority. Mood symptoms were common across participants, primarily depression but with additional evidence of mania and/or hypomania. Further details of the full mental health profile of this cohort are being prepared for publication separately \[[@pone.0128102.ref034]\].

While some participants in the study did report drug and alcohol use around the time of their first onset of psychosis, none were found to meet criteria for substance induced psychosis. At the time of interview, all participants who were directly interviewed were free from overt symptoms of psychosis and were considered by their clinicians or referring individuals to be mentally healthy. In the case of individuals unable to be interviewed directly, status of current symptoms was not important to the study and would not impact on the results presented here. No specific measure of current symptom level was used for this reason.

In total, 65 participants (53 males, 82%) with co-morbid ASD and psychotic illness (the ASD-P group) completed the short forms of the EQ and the SQ (EQ-S, SQ-S). The EQ-S and SQ-S have been validated as reliable short forms of the full EQ and SQ \[[@pone.0128102.ref035]\], and comprise a subset of the items in the full EQ and SQ and SQ-Revised (SQ-R) \[[@pone.0128102.ref036]\] questionnaires. Full EQ and SQ-R data from a group of individuals with both clinically and ADI-R, ADOS, or Adult Asperger Assessment \[[@pone.0128102.ref037]\] confirmed ASD and no known history of psychotic illness were available for comparison (N = 71) (33 males, 47%). They were recruited via the MRC Autism Imaging Multicentre Study (MRC AIMS) project \[[@pone.0128102.ref038]--[@pone.0128102.ref040]\], and are termed the ASD-No Psychosis (ASD-NP) group. Full-scale IQ scores were available from both groups of participants, collected using the Weschler Abbreviated Scales of Intelligence (WASI) \[[@pone.0128102.ref041]\]. Additionally, data were available from the OPCRIT \[[@pone.0128102.ref029]\] for the ASD-P group, allowing for the analysis of manic symptoms and their association with the drive for empathizing over systemizing.

Empathizing bias (EB) is a measure of an overall bias for empathizing over systemizing. It is based on the difference between standardized scores on the EQ and SQ-R (or their short form equivalents). As the scales contain a different number of items, the total scores on each measure are converted to z-scores. The difference between z-scores on these two measures (zEQ − zSQ-R) is the EB score, with a higher score indicating greater drive for empathizing over systemizing \[[@pone.0128102.ref015]\]. In the current study, to compare the two groups (ASD-P and ASD-NP), the conversions to z-scores were based on a large general population sample (N = 1,761) for which population norms are known for both the full and short forms of the EQ and SQ scales \[[@pone.0128102.ref035]--[@pone.0128102.ref036]\]. There are very high correlations between the full and short forms of the scales (*r* = .93 for the EQ and EQ-S, and *r* = .95 for the SQ and SQ-S) \[[@pone.0128102.ref035]\]. Additionally, differences between empathizing and systemizing were used to categorize participants as either extreme systemizers (Extreme Type S), systemizers (Type S), balanced (Type B), empathizers (Type E), or extreme empathizers (Extreme Type E) using the categorizations reported by Wakabayashi et al.\[[@pone.0128102.ref035]\].

We compared the ASD-P and ASD-NP groups for raw differences on sex split, FSIQ and EB scores (including the categorized form of EB). Regression models were then used to investigate differences in EB scores between the two groups while controlling for the effects of sex and FSIQ. The ASD-P group was examined in greater detail by comparing those with and without mania, first comparing raw differences and then investigating differences in EB having controlled for the effects of sex and FSIQ.

Results {#sec007}
=======

Raw differences between the groups are reported in [Table 1](#pone.0128102.t001){ref-type="table"}. The ASD-P group had significantly fewer females (ASD-P: 19%; ASD-NP: 54%; *p*\<0.001), a significantly lower average FSIQ score (difference = 14, 95% confidence interval (CI): -21, -8, *p*\<0.001), and a significantly higher EB score (difference = 1.10, 95% CI: 0.60, 1.59; *p*\<0.001). This led to significant differences in the distribution of empathizing-systemizing categories (*p*\<0.001; see [Fig 1](#pone.0128102.g001){ref-type="fig"} and [Table 1](#pone.0128102.t001){ref-type="table"} below), which are derived from the EB scores.

![Differences in the distribution of categorical drives for empathizing/systemizing, by group (ASD-P vs ASD-NP).](pone.0128102.g001){#pone.0128102.g001}

10.1371/journal.pone.0128102.t001

###### Raw differences between ASD-P and ASD-NP groups.

![](pone.0128102.t001){#pone.0128102.t001g}

                                                 Overall   ASD-psychosis (ASD-P)   ASD-no psychosis (ASD-NP)   Group differences                                           
  ---------------------------------------------- --------- ----------------------- --------------------------- ------------------------------------------ ------- -------- ----------------------------------------------
  **N**                                          135       64                      71                          --                                                          
  **Female %**                                   37        19                      54                          X²(1) = 15.99, *p*\<0.001                                   
  **FSIQ mean (SD)**                             106       \(20\)                  98                          (20)[†](#t001fn001){ref-type="table-fn"}   112     \(16\)   Dif = -14 (95% CI = -21, -8), *p*\<0.001
  **EB mean (SD)**                               -2.17     (1.58)                  -1.59                       (1.06)                                     -2.69   (1.78)   Dif = 1.10 (95% CI = 0.60, 1.59), *p*\<0.001
  **Empathizing-systemizing distribution (%)**                                                                                                                             
  Extreme Type S                                 45        27                      62                                                                                      
  Type S                                         34        45                      24                          Fisher\'s exact test, *p*\<0.001                            
  Balanced                                       21        28                      14                                                                                      
  Type E                                         0         0                       0                                                                                       
  Extreme Type E                                 0         0                       0                                                                                       

† N = 59, due to missing data.

ASD = autism spectrum disorder. FSIQ = full-scale IQ. EB = empathizing bias. SD = standard deviation. Dif = difference. CI = confidence interval.

The initial regression model relating EB to sex, FSIQ, group membership (ASD-P vs ASD-NP) and their second order interactions showed that sex × FSIQ and sex × group interactions were not significant (b = -0.02, *p* = 0.208 and b = 0.72, *p* = 0.199 respectively; model not reported). A new regression model was fitted which excluded these non-significant interactions, resulting in the model reported in [Table 2](#pone.0128102.t002){ref-type="table"} (R² = 0.33).

10.1371/journal.pone.0128102.t002

###### Regression model fit to empathizing bias (EB), across both groups (N = 130, given the missing values on FSIQ--see [Table 1](#pone.0128102.t001){ref-type="table"}).

![](pone.0128102.t002){#pone.0128102.t002g}

  Term                                             b       Standard error b   95% confidence interval   *p*     
  ------------------------------------------------ ------- ------------------ ------------------------- ------- ---------
  **Intercept**                                    -0.40   --                 --                                --
  **Female[†](#t002fn002){ref-type="table-fn"}**   -0.44   0.26               -0.94,                    0.07    0.092
  **FSIQ**                                         -0.01   0.01               -0.03,                    0.01    0.204
  **ASD-NP[‡](#t002fn003){ref-type="table-fn"}**   4.41    1.41               1.62,                     7.20    0.002
  **FSIQ × ASD-NP**                                -0.05   0.01               -0.07,                    -0.02   \<0.001

Interaction is denoted by '×'.

† Male taken as reference level.

‡ ASD-P taken as reference level. FSIQ = full scale IQ.

FSIQ had a significantly stronger effect in the ASD-NP group (FSIQ×ASD-NP, *p*\<0.001), decreasing EB by 0.06 for each point increase in FSIQ; in the ASD-P group, EB decreased by only 0.01 for each point increase in FSIQ. Sex did not have a significant effect at the 5% level (*p* = 0.092). Imputing the missing FSIQ values (replacing the five missing FSIQ values, which all occur in the ASD-P group, with the mean ASD-P FSIQ score) and repeating the above analysis gave very similar results.

Given the interaction between group membership and FSIQ, it is difficult to interpret differences in EB between ASD-P and ASD-NP. Thus, to aid interpretation, we categorized FSIQ into three groups based on population norms (mean = 100 and standard deviation (SD) = 15): low (less than 85, more than 1 SD below the mean), average (85 to 115, a two SD range, centred on the mean) and high (\>115, over 1 SD above the mean). We then fitted a regression model that included terms for (categorized) FSIQ, group membership and their interaction (a similar model to that reported in [Table 2](#pone.0128102.t002){ref-type="table"}, but excluding sex and using the categorical form of FSIQ). The fitted means, with 95% CI, within each group at each of the categorical levels of FSIQ are shown in [Fig 2](#pone.0128102.g002){ref-type="fig"}. There was a clear difference between groups at the high level of FSIQ, with ASD-NP scoring lower than ASD-P. The approach of categorising a continuous variable into groups defined by SD distance from a mean to explore a continuous/categorical interaction has been illustrated by O'Connor \[[@pone.0128102.ref042]\] and is described in Aiken and West \[[@pone.0128102.ref043]\], and Cohen and Cohen \[[@pone.0128102.ref044]\].

![Fitted empathizing bias (EB) means.\
This figure shows fitted EB means with 95% confidence intervals, within each group at each level of the categorized full-scale IQ.](pone.0128102.g002){#pone.0128102.g002}

Raw differences between those in the ASD-P group with and without cardinal symptoms of mania or hypomania are reported in [Table 3](#pone.0128102.t003){ref-type="table"}. There were no significant differences.

10.1371/journal.pone.0128102.t003

###### Raw differences between those with and without mania/hypomania, within the psychotic group.

![](pone.0128102.t003){#pone.0128102.t003g}

                                                 Psychosis & no mania/hypomania   Psychosis & mania/hypomania                Group differences                                                              
  ---------------------------------------------- -------------------------------- ------------------------------------------ ----------------------------------- ------------------------------------------ ------------------------------------------------
  **N**                                          38                               26                                         \-                                                                             
  **Female %**                                   16                               23                                         Fisher\'s exact test, *p* = 0.525                                              
  **FSIQ mean (SD)**                             95                               (19)[†](#t003fn001){ref-type="table-fn"}   102                                 (21)[‡](#t003fn002){ref-type="table-fn"}   Dif = -7 (95% CI = -18, 4), *p* = 0.224
  **EB mean (SD)**                               -1.51                            (0.98)                                     -1.71                               (1.17)                                     Dif = 0.20 (95% CI = -0.37, 0.76), *p* = 0.484
  **Empathizing-systemizing distribution (%)**                                                                                                                                                              
  Extreme Type S                                 24                               31                                                                                                                        
  Type S                                         42                               50                                         Fisher\'s exact test, *p* = 0.418                                              
  Balanced                                       34                               19                                                                                                                        
  Type E                                         0                                0                                                                                                                         
  Extreme Type E                                 0                                0                                                                                                                         

† N = 36, due to missing data.

‡ N = 23, due to missing data. FSIQ = full-scale IQ. EB = empathizing bias. SD = standard deviation. Dif = difference. CI = confidence interval.

Within the ASD-P group, an initial regression model relating FSIQ, sex and presence of mania or hypomania (yes/no) and their second order interactions to EB showed that sex × FSIQ and FSIQ × mania interactions were not significant (b = 0.005, p = 0.846 and b = -0.002, *p* = 0.901 respectively; model not reported). A new regression model was fitted which excluded these non-significant interactions, resulting in the model reported in [Table 4](#pone.0128102.t004){ref-type="table"} (R² = 0.21). FSIQ did not have a significant effect (b = -0.01, *p* = 0.448). The presence, or not, of mania had a larger effect on EB in women compared to men (female × mania/hypomania present, b = 1.63, *p* = 0.02). While this is a relatively large effect (using ASD-P EB SD from [Table 1](#pone.0128102.t001){ref-type="table"}, d = 1.63/1.06≈1.5), it should be interpreted with caution as there were only a small number of women in the ASD-P group (12 in ASD-P: six with mania/hypomania and six without).

10.1371/journal.pone.0128102.t004

###### Regression model fit to empathizing bias (EB) within the psychotic group (N = 59 given the missing values on FSIQ--see [Table 3](#pone.0128102.t003){ref-type="table"}).

![](pone.0128102.t004){#pone.0128102.t004g}

  Term                                                              b       Standard error b   95% confidence interval   *p*     
  ----------------------------------------------------------------- ------- ------------------ ------------------------- ------- -------
  **Intercept**                                                     -0.72   --                 --                                --
  **FSIQ**                                                          -0.01   0.26               -0.02,                    0.01    0.448
  **Female[†](#t004fn002){ref-type="table-fn"}**                    -1.56   0.01               -2.50,                    -0.62   0.002
  **Mania/hypomania present[‡](#t004fn003){ref-type="table-fn"}**   -0.45   1.41               -1.08,                    0.19    0.164
  **Female × Mania/hypomania present**                              1.63    0.01               0.25,                     3.00    0.021

Interaction is denoted by '×'.

† Male taken as reference level.

‡ Presence of no mania taken as reference level. FSIQ = full scale IQ.

Discussion {#sec008}
==========

It has been proposed that psychotic illness, and in particular mania or hypomania, is linked to an increased drive for empathizing over systemizing \[[@pone.0128102.ref012], [@pone.0128102.ref015]\]. This theory was tested in a group of people with ASD, some of whom had a co-morbid diagnosis of psychotic illness. The evidence from our study suggests some support for an attenuation of the extreme cognitive bias for systemizing over empathizing generally seen in people with ASD when they have co-occurring psychotic illness. This was shown both in the context of EB scores when confounding factors were controlled for, as well as in uncorrected comparisons of numbers of individuals in the Type B, Type S, and Extreme Type S categories. In each case, the ASD-P group showed a greater bias for empathizing over systemizing than the ASD-NP group. The driver of this difference was individuals with above-average IQ scores, who in the ASD-P group had a great bias for empathizing over systemizing than in the ASD-NP group. However, it is important to note that all participants across both groups achieved at most a balanced preference, with a clear bias towards systemizing as a whole, as one would expect from people with ASD irrespective of sex and age \[[@pone.0128102.ref005], [@pone.0128102.ref045]\].

Why there was a significant difference in EB between ASD-P and ASD-NP groups only in those with above-average IQ is interesting. In a sample of neurotypical male adults, Lai and colleagues \[[@pone.0128102.ref038]\] found negligible correlations between 'D score' (equivalent to EB but opposite in sign) and verbal IQ (r = −0.007, *p* = 0.95), performance IQ (r = −0.005, *p* = 0.97) or full-scale IQ (r = 0.002, *p* = 0.99). Published studies to date, however, have not addressed the question of whether IQ has any association with D score (or EB) in individuals with ASD. It does not appear as though IQ has an effect on EB in all individuals with ASD. The presence of psychosis appears to attenuate the positive association between IQ and EB. Previous research into the relationship between psychosis and drive for empathizing \[[@pone.0128102.ref015]\] did not consider IQ in the interpretation of results. Our study suggests that this may be a further factor to be considered, particularly when studying ASD.

Our finding suggests that the diametrical ASD-P model is too simplistic to fully explain the factors involved, even if there is a relationship between overall drive for empathizing and psychotic illness and/or mania/hypomania. Individuals with a dual-diagnosis of ASD and psychosis should not exist, according to the diametrical ASD-P model. The cohort in this study show clear evidence of pre-morbid ASD traits, measured using gold-standard instruments, and clear evidence of psychotic symptoms, evidenced by fulfilling criteria for psychosis, measured with standardised instruments. In the authors' experience of these individuals, the psychosis in each case stood separate and distinct from the pre-morbid ASD, and full details of the phenomenology of this cohort are being prepared for publication to further address this point \[[@pone.0128102.ref034]\].

Our data indicate that a drive for empathizing over systemizing might be more strongly linked to manic or hypomanic symptoms in women with ASD and co-occurring psychotic illness, compared with men with the same conditions. However, the small number of females in the ASD-P group makes it difficult to draw firm conclusions. It should be noted that even those with mania or hypomania in the present study could not be described as Type E or Extreme Type E--at most, a Type B profile resulted, as one would expect for people with ASD \[[@pone.0128102.ref005], [@pone.0128102.ref045]\]. We conclude from this that the systemizing-over-empathizing profile of women with ASD (compared to neurotypical women in the general population) may be reduced in the presence of symptoms of mania/hypomania, which may provide partial support for the findings of Brosnan et al. \[[@pone.0128102.ref015]\]. The sex-differential effect, however, requires more investigation.

The present results suggest that while factors leading to the development of ASD may set the balance of the brain towards systemizing over empathizing, this balance is also affected by factors involved in the development of psychotic illness in individuals with ASD. That is, individuals with both ASD and psychotic illness have a less strong bias for systemizing over empathizing than is generally seen in people with ASD. However, it is clearly not the presence of an extreme bias towards empathizing over systemizing that has led to vulnerability to psychosis in this group, as the diametrical ASD-P model suggests.

We also speculate that those with ASD and psychotic illness may be different from individuals with psychotic illness but without ASD, when it comes to empathizing-systemizing bias. Differences in proxies for psychotic thinking have been reported in adolescents with ASD \[[@pone.0128102.ref046]\] compared with findings using a similar measure administered in a large general population cohort \[[@pone.0128102.ref047]\]. However, to date there are no published accounts of an empathizing over systemizing bias in a cohort of individuals with psychotic illness who do not have ASD. Given that rates of ASD found in populations with psychotic illness may be higher than in the general population \[[@pone.0128102.ref048]\], any such study would need to account for the effect of underlying autistic traits, which have been linked to a preference for systemizing over empathizing \[[@pone.0128102.ref005], [@pone.0128102.ref045]\].

A more valid adaptation of the diametrical ASD-P model, as discussed in the Introduction, may be to place ASD and SPD at opposite ends of a spectrum. However, recent evidence has failed to equivocally support the presence of an empathizing bias linked to higher schizotypy and lower autistic traits \[[@pone.0128102.ref023]--[@pone.0128102.ref024]\]. More research would be required, again with individuals at the extreme ends of the continuums (those with ASD and those with SPD), to test this theory further. Additionally, many of the measures used to quantify ASD in relation to empathizing/systemizing drive in previously published studies have been robust but fairly limited in detail, such as the Autism Spectrum Quotient (AQ) \[[@pone.0128102.ref049]\]. A strength of the current study is the use of a well-validated and extensive measure of ASD (the ADI-R) analysed in relation to empathizing/systemizing drive. Future studies should endeavour to provide more detail about both autistic and schizoptypal traits in order to fully explore what is clearly a complex relationship.

Additionally, it could be the case that psychotic illness and/or SPD do not represent a manifestation of the EFB, and that the diametrical ASD-P model is thus not supported. Little is known about the long-term stability of empathizing/systemizing drives in any population. This raises the possibility that psychotic illness itself changes one's bias for empathizing or systemizing, rather than the bias for empathizing over systemizing being involved causally in the development of psychotic illness as the diametrical ASD-P model predicts. Longitudinal research into empathizing/systemizing drives over time, therefore, would also be warranted to help explore any causal relationship between extreme drives and psychopathology. Once again, studies in individuals with clinically relevant difficulties, rather than sub-clinical traits in general population samples, would be most useful.

It seems likely that some other factor, beyond schizotypy or diagnosis of psychotic illness, may be linked to a bias for empathizing over systemizing. Even among the individuals presented in this study, there is likely to be a wide range of variability across a number of dimensions related to psychiatric conditions. Mood instability is one such dimension that is theoretically linked to the EFB and may be an alternative to psychosis or schizotypy in a model of understanding the EFB. This is supported in part by the data from Brosnan et al. \[[@pone.0128102.ref015]\] linking higher empathizing bias to more manic traits. Also, the theoretical links between extreme preference for empathy and borderline personality disorder \[[@pone.0128102.ref010]\] and depression \[[@pone.0128102.ref011]\] deserve consideration. Borderline personality disorder, in particular, is characterised by difficulties with affect regulation \[[@pone.0128102.ref032]\]. However, it would be problematic to place affective instability/dysregulation opposite ASD on any spectrum, given what is known about affect regulation difficulties in people with ASD \[[@pone.0128102.ref050]--[@pone.0128102.ref051]\] and rates of affective illnesses such as bipolar disorder in people with Asperger's syndrome in particular \[[@pone.0128102.ref052]\]. Based on these ideas and the evidence presented in this paper, we propose that the links between affect dysregulation/instability and the EFB should be explored in future research as an alternative to the diametrical ASD-psychosis model.

It is important to acknowledge some limitations of the current study. First, the sample sizes are relatively small for questionnaire-based studies. However, given the confined sample selection (especially for the ASD-P group) the current sample size is reasonable. It may be that there are other differences of smaller effect between the ASD-P and ASD-NP groups that were not detected due to insufficient statistical power resulting from the moderate sample sizes. Another concern may be that for the ASD-P group, the short forms of the EQ and SQ were used, while the ASD-NP group completed the full EQ and SQ-R. We consider this less likely to be an issue statistically, given the established psychometric equivalence of the two measures and their very high levels of agreement \[[@pone.0128102.ref035]\] and given our use of established general population means in calculating the z-scores \[[@pone.0128102.ref036]\] for generating the target outcome variable (EB). Lastly, it could be argued that the two groups in this study were not matched rigorously and that the comparison sample represents a sample of convenience. However, it is unclear to us how individuals with ASD with and without psychotic illness could be matched, given the huge range of variability across a number of dimensions that is found amongst people with ASD \[[@pone.0128102.ref053]--[@pone.0128102.ref054]\], despite the shared core domain deficits necessary for a diagnosis of ASD. Instead, we chose to control for differences between the groups statistically. A key strength of this study, on the other hand, is its use of a unique population of individuals with co-occurring ASD and psychotic illness, who are under-represented in previous studies.

Our results offer some support for the idea that there is a link between psychosis and a higher bias for empathizing over systemizing than that found in other individuals with ASD. It should be noted, however, that individuals with psychotic illness who have ASD cannot be characterised as having a bias towards empathizing when compared to general population norms: they all still show a Balanced, Type S, or Extreme Type S cognitive style. This must be considered in any future theoretical model of the relationship between ASD and psychosis.

More research is needed in clinical populations to further test Brosnan's theories regarding the role of psychosis and/or mania/hypomania as a manifestation of the EFB \[[@pone.0128102.ref015], [@pone.0128102.ref046]--[@pone.0128102.ref047]\] before it is established that the link between these constructs in the general population can be extended to our understanding of the development of psychopathology. It should also be noted that the EFB itself may not lead to any psychiatric condition, since heightened empathizing could be a mostly positive trait, and reduced systemizing can be easily compensated for. The evidence from our study suggests that, as Brosnan et al. \[[@pone.0128102.ref015]\] reported, it may be that some features of psychotic illness, in particular features of mania/hypomania, are associated with differences in EB. IQ also plays an important role. However, psychotic illness is not a unitary construct and presents differently in affected individuals. It would be inaccurate to say that our evidence supports the idea that psychosis, as a broad collection of behaviors and thought patterns, is diametrically opposite to ASD, similarly a complex and multifaceted collection of behaviors. Some element of each of these conditions may be affected by a bias for empathizing over systemizing, and the causes of these conditions themselves may shape the bias for systemizing or empathizing. Exactly how these elements interact, and any argument for a causal role of EB in psychotic illness or any other mental health condition, requires further research.
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